T he role of ATP-sensitive K' channels in the regulation of cardiovascular function during myocardial ischemia has recently been paid much attention clinically as well as experimentally.1-18 Namely, ischemia activates ATP-sensitive K' channels through intracellular metabolic alterations such as an increase in ADP2,3and/or a decrease in pH4 and ATP. 5, 6 In experiments using microelectrodes, the activation of ATP-sensitive K' channels has been shown to shorten the action potential duration.7-"1 However, the effects of ATP-sensitive K' channels on the configuration of electrograms in the in situ beating heart remained unelucidated. The goal of this study was to examine the effects of intracoronary administration of pinacidil, an ATP-sensitive K' channel opener,9 on epicardial electrograms in dogs and to compare these electrographic changes with those observed during a burden of acute myocardial ischemia. In addition, we examined the effects of glibenclamide, a blocker of ATP-sensitive K' channels,11 on electrograms after coronary occlusion to clarify the role of the KATP channel in the genesis of ischemic ECG ST changes.
Methods

Instrumentation
Twenty-two mongrel dogs (weight, 11 to 18 kg) were anesthetized with an intravenous administration of 30 mg/kg sodium pentobarbital. Under artificial ventilation with room air supplemented with oxygen (3 to 5 L/min), the thorax was opened in the fifth intercostal space, the pericardium was opened, and a pericardial cradle was made to support the heart at an appropriate position. The sinus node was crushed, and the right atrium was paced at a cycle length of 400 milliseconds. After an intravenous bolus administration of heparin (5000 IU), the left anterior descending artery (LAD) was cannulated and perfused with arterial blood from the carotid artery through a bypass tube. An electromagnetic flow probe and a pressure line to measure the coronary blood flow and coronary perfusion pressure were placed along the tube proximal to the cannulating site. The whole heart was wrapped up in an array of 60 unipolar electrodes. These electrodes were made of fine silver wires (0.005-in. diameter) that were insulated except at the point of attachment. The electrode array had six rows and 10 columns (A through J, Fig 1) 
Analysis of Multichannel Epicardial Electrograms
A root mean square voltage versus time curve based on all leads was plotted to determine visually both the onset and offset of QRS and the end of the T wave. 21 The flat portion of the PR segment was defined as the zero level. The amplitude of the ST segment was measured at 0.04 seconds after the offset of QRS. QRST area (AQRST) was calculated by integrating the electrogram over the QRST interval. Epicardial activation sequence was determined using the time of minimum derivative of each QRS. 21 The earliest activation time measured on the cardiac surface was assigned to time zero, and an isochron map was constructed. The activation recovery interval was defined as the time interval from the minimum derivative of the QRS to the maximum derivative of the T wave.22
Statistical Analysis
Quantitative data are expressed as mean±SD. Statistical analysis was performed with paired and unpaired t tests. A value of P<.05 was considered significant. ST segment and QRST area. ST maps and QRST area maps before and after pinacidil infusion, 15 minutes after the cessation of the infusion, and pinacidil infusion after glibenclamide in a representative dog (dog a) are shown in Fig 3A. Solid and dotted lines indicate positive and negative isopotential or isoarea lines, respectively. Two representative tracings of the mapped 60 unipolar electrograms, one (lead C2) from the perfusion area of the LAD territory and the other (lead H5) from the left circumflex artery (LCx) territory, are also presented in Fig 3A. After pinacidil, the ST segment elevated concomitant with the increase of the QRST area on the LAD-perfused region. These changes were attenuated by the intracoronary pretreatment with glibenclamide.
At each lead, differences of ST segments and QRST areas were obtained by subtracting control values from values after pinacidil to evaluate the net effect of pinacidil. Table 1 The lead showing the greatest ST difference at the first coronary occlusion, which was always within the LAD-perfused region, was selected in each dog, and the magnitudes of the ST difference at four repetitive occlusion periods were measured (Table 2 ). There was no obvious difference in the degree of ST elevation in 3 dogs receiving the vehicle (dogs t through v), but ST elevation by coronary occlusion after an intravenous pretreatment with glibenclamide was consistently attenuated in all 5 dogs (dogs o through s). The increase in QRST areas over the LAD-perfused region after coronary occlusion was also reduced by intravenous pretreatment with glibenclamide ( crease of QRST area,27 the action potential duration of the epicardium actually shortened in the presence of myocardial ischemia. A slope of the relation between ST segment elevation and activation-recovery interval shortening was larger in cases of myocardial ischemia than that of pinacidil infusion, which may represent the functioning of additional factors for the ischemia-induced ST elevation, including the increased amount of extracellular K'. In fact, it is likely that the activation of the KATP channel during ischemia elicits the accumulation of extracellular K",13-15 which elevates the ST segment via decreasing the resting membrane potential. Therefore, the inhibitory effect of glibenclamide on ST segment elevation after coronary occlusion might be attributed not only to the diminution of the shortening of action potential duration but also to the reduction of K' efflux from the myocytes. Accordingly, the present study demonstrated that the ST segment elevation during a bout of acute myocardial ischemia is closely related to the activation of ATPsensitive K' channels. The extent of KATP opening, in other words, the extent of action potential shortening, was measurable regionally on the body surface unipolar ECG. Namely, regional changes in the activation recovery interval may provide further insight into the pathological ECG abnormalities related to myocardial ischemia.
